Background: Limited studies have been done on chronic hepatitis B (CHB) patients defined according to the latest Asian-Pacific Association for the Study of the Liver guideline with liver histology by a large sample size.
Introduction
Hepatitis B virus (HBV) infects 400 million people worldwide, and more than 75% of them reside in the Asian-Pacific area [1] . Chronic hepatitis B (CHB) is the major risk factor for cirrhosis, end-stage liver disease and hepatocellular carcinoma (HCC) [2, 3] . Moreover histological abnormalities are correlated with long-term risk [4] . So correctly assessing liver histological abnormalities is very important in evaluating disease severity and management. Although much progress has been made in using transient elastography (TE) to assess liver fibrosis, disadvantages should not be ignored for it could not indicate inflammatory activity grade ， lower fibrosis stages (F0 -F2) precisely and is influenced by elevated alanine aminotransferase (ALT) [5] . Additionally, TE has not been installed in most hospitals in China yet. Therefore liver biopsy remains the gold standard in assessing liver histological abnormalities though its limitations do exist [6, 7] , while TE could be used as a complementary tool [8] .
The 2012 Asian-Pacific Association for the Study of the Liver (APASL) guideline recommended liver biopsies should be considered in viremic CHB patients over 40 years old, especially those with high normal or minimally raised ALT [8] . The American Association for the Study of Liver Diseases (AASLD) guideline proposed a similar opinion [9] . However, the 2012 European Association for the Study of the Liver (EASL) guideline suggested beside patients with fluctuated ALT, liver biopsies or even therapy should be considered in immune tolerant patients over 30 years old [10] . Opinions on what kinds of patients should be considered for liver biopsy, especially those with normal ALT, among these guidelines are a little different. Previous researches on patients' liver histological abnormalities were limited by either small sample size or only concentrated on patients with elevated ALT [11] [12] [13] [14] [15] . Furthermore, EASL guideline suggested future research should focus on unresolved issues including indications for treatment in immune tolerant patients, and HBeAg-negative patients with level of HBV DNA below 20,000 IU/mL (100,000 copies/mL) [10] . So in this study, we aim at comprehensively evaluating the characteristics of histological abnormalities by a large population of Chinese CHB patients with persistent normal ALT (PNALT) or elevated ALT.
Methods

Patients
We reviewed all CHB patients who were hospitalized in Guangzhou No.8 People's hospital from May 2005 to October 2011. The indications of liver biopsy were as follows，patients with PNALT wish fully assessing the severity of liver fibrosis and inflammation voluntarily and getting further treatment advice afterwards; patients with elevated ALT when there was clinical indication of assessing the severity of liver fibrosis and inflammation prior to antiviral therapy. A total of 3328 consecutive patients who also had a liver biopsy were screened. The inclusion criteria were as follows: (1) HBsAg positive for at least the previous 6 months, (2) HBeAg-positive patients with PNALT and HBV DNA >100,000 copies/mL or HBeAg-negative patients with PNALT and HBV DNA <100,000 copies/mL, or patients with elevated ALT. PNALT was defined by having at least three ALT values equal to or less than 40 U/L every 6-12 months apart with the observation periods from 18-36 months and no elevated ALT at any time points prior to liver biopsy. While the inclusion criteria of HBV DNA level below 100,000 copies/mL in HBeAg-negative patients with PNALT was determined according to the APASL guideline and responding to the unresolved issues in the EASL guideline. The exclusion criteria were as follows: (1) hepatitis C or D or human immunodeficiency virus coinfection, (2) evidence of liver disease because of other etiology, (3) use of hepatotoxic drugs or regular consumption of alcohol, (4) received antiviral (HBV) therapy or any liver functional protection therapy to alleviate the hepatic inflammation before, and (5) patients had less than three normal ALT values prior to the biopsy.
The study protocol was conducted within the guidelines of the 1975 Declaration of Helsinki, and was approved by the ethics committee of Guangzhou No.8 People's hospital. Written informed consent was obtained from all subjects.
Serological, biochemical and HBV DNA assay
Biochemical tests and complete blood cell counts were performed using routine automated analyzers. HBV and other serological markers were detected by chemiluminescent enzyme immunoassay (Abbott Laboratories, Chicago, IL, USA). Serum ALT, AST, albumin (ALB) and prothrombin activity (PTA) levels were determined by commercial kits. The ULN of ALT and AST were 40 U/L for both male and female. The level of HBV DNA was measured by real-time PCR with a lower detection limit of 1000 copies/mL (DaAn Gene Co, China).
Liver biopsy and histology assessment
Liver biopsies were obtained using a 16G core aspiration needle, with a biopsy length at least 1.5 cm and contained 6 portal tracts or more. Biopsies were fixed, paraffin-embedded, and stained with hematoxylin and eosin for morphological evaluation and Masson's trichrome stain for assessment of fibrosis. The pathologist reviewing all the biopsy specimens was blinded to the biochemical and virologic results of the patients. Liver biopsies were scored using the Metavir scoring system for both necroinflammation grade and fibrosis stage [16] . Significant histological abnormality was defined as necroinflammation grade ≥A2 and/or fibrosis stage ≥F2.
Statistical analysis
All data were analyzed using the statistical package SPSS (version13.0; SPSS, Inc., Chicago, IL). Results were given as mean±SD or no.(%) of patients. Levels of HBV DNA were transferred to log 10 copies/mL. Chisquare was used for categorical variables. Mann-Whitney or Kruskal-Wallis test was used for similar comparison of nonparametric data. A univariate analysis was firstly performed to determine if any clinical variables were associated with significant abnormalities. Multivariate logistic regression was then used to determine whether the identified clinical variables from above were independent risk factors associated with significant abnormalities. Two tailed P-value of <0.05 was considered statistically significant.
Results
Among the 3328 patients screened, 675 met the inclusion criteria including 516 HBeAg-positive and 159 HBeAg-negative patients. In HBeAg-positive patients, 85 had PNALT and 431 had elevated ALT. In HBeAg-negative patients, 55 had PNALT and 104 had elevated ALT. The details of included and excluded patients are shown in Figure 1 .
Liver histological characteristics of patients
HBeAg-positive patients. The demographic profiles and parameters of HBeAg-positive patients are shown in Table 1 . Patients with elevated ALT were mainly older males, and had lower levels of HBV DNA than patients with PNALT. The distribution of significant necroinflammation was 1.2% (1/85) in PNALT, 23.8% (30/126) in ALT 1-2×ULN and 51.1% (156/305) in ALT >2×ULN group, while significant fibrosis was 49.4% (42/85) in PNALT, 69.8% (88/126) in ALT 1-2×ULN and 81.6% (249/305) in ALT >2×ULN group, respectively. Frequencies of histological abnormalities in patients with ALT >2×ULN were Fibrosis in Chinese Chronic Hepatitis B PLOS ONE | www.plosone.orgmuch higher than in those of patients with PNALT or ALT 1-2×ULN (both P < 0.001) ( Figure 2 ). According to the latest APASL guideline [8] , patients with PNALT were further stratified into low normal (≤0.5×ULN) and high normal (0.5-1×ULN) subgroups based on the pre-biopsy ALT values. No differences were found in liver histological significant necroinflammation (P = 1.000) and significant fibrosis (P = 0.527) between low normal and high normal ALT subgroups. Patients with PNALT were also stratified by age of 30 to verify the EASL's suggestion. Results indicated frequency of significant necroinflammation were similar between subgroups (P = 1.000), but older patients had a higher frequency of significant fibrosis than younger patients (P = 0.058) with the difference almost reaching statistical significance. (Table 2) HBeAg-negative patients.
The baseline demographic profile and parameters of HBeAg-negative patients are shown in Table 1 . The distribution of significant necroinflammation was 9.1% (5/55) in PNALT, 17.8% (8/45) in ALT 1-2×ULN and 57.6% (34/59) in ALT >2×ULN group, while significant fibrosis was 30.9% (17/55) in PNALT, 73.3% (33/45) in ALT 1-2×ULN and 94.9% (56/59) in ALT >2×ULN group, respectively. Histological abnormalities in patients with ALT >2×ULN were much higher than in those of patients with PNALT or ALT 1-2×ULN (both P < 0.001) ( Figure 3 ). When HBeAg-negative patients with PNALT were stratified by ALT, no differences were found in liver histological significant necroinflammation (P = 0.130) and significant fibrosis (P = 0.066) between low normal and high normal ALT subgroups. While patients with PNALT were stratified by age of 40, significant necroinflammation (P = 0.578) and significant fibrosis (P = 1.000) were also comparable. (Table 2) Parameters associated with liver histological abnormalities HBeAg-positive patients.
In patients with PNALT, univariate analysis indicated that no parameter was associated with significant liver histological abnormality. In patients with elevated ALT, univariate analysis indicated age (P = 0.001), levels of platelet (PLT) (P < 0.001), PTA (P < 0.001), ALB (P = Fibrosis in Chinese Chronic Hepatitis B PLOS ONE | www.plosone.org0.003), ALT (P < 0.001), AST (P < 0.001) and HBV DNA (P < 0.001) were associated with significant necroinflammation, while age (P = 0.013), levels of PLT (P = 0.019), ALB (P = 0.003), ALT (P = 0.001), AST (P < 0.001) and HBV DNA (P < 0.001) were associated with significant fibrosis. The multivariate analysis of clinical parameters which independently associated with significant abnormality is shown in Table 3 . Increasing age (P = 0.012), higher AST (P < 0.001) and lower HBV DNA (P < 0.001) were associated with significant necroinflammation, while higher AST (P < 0.001), lower HBV DNA (P = 0.004) and ALB (P = 0.027) were associated with significant fibrosis in patients with elevated ALT.
HBeAg-negative patients.
In patients with PNALT, univariate analysis indicated that no parameter was associated with significant histological abnormality. In patients with elevated ALT, levels of PTA (P = 0.008), ALB (P = 0.026), ALT (P < 0.001), AST (P < 0.001) and HBV DNA (P = 0.013) were associated with significant necroinflammation, while levels of ALT (P = 0.010) and AST (P = 0.009) were associated with significant fibrosis. The multivariate analysis of clinical parameters which were independently associated with significant abnormalities is shown in Table 3 . Only higher AST was associated with significant necroinflammation in patients with elevated ALT (P = 0.009). 
Discussion
Limited studies have been conducted on CHB patients with liver histology by a large population in China previously. Furthermore there are still many debates on what types of patients need liver biopsy, especially those with PNALT have not been evaluated clearly in previous researches. Six hundred and seventy-five patients were recruited in this study, all of whom were totally treatment-naive and in different phases of CHB [8] . The associations of various routinely available clinical parameters and liver histological abnormalities were also investigated.
Previous investigations indicated HBeAg-positive patients with PNALT usually have high level of HBV DNA with no or minimal liver histological changes [17] [18] [19] . As well as trials showed they tend to have no good response to current Fibrosis in Chinese Chronic Hepatitis B PLOS ONE | www.plosone.orgavailable antiviral therapy [20, 21] . Thus liver biopsy or treatment is not recommended on these patients [8, 9, 22] . However the latest EASL guideline took a more active management that liver biopsy or even therapy should implement on immune tolerant patients over 30 years old [10] . Therefore we first examined the characteristics of histological changes in HBeAg-positive patients with PNALT. Although they did not have active inflammation biochemically, our results demonstrate significant fibrosis could be found in almost half of them (49.4%). Several reports from Asia on these same types of patients were consistent with ours. One study from Hong Kong found that 22.5% of patients had significant histological abnormalities [11] . Furthermore, a study from India showed 40.2% and another from Indonesia reported 68.6% of these patients had significant fibrosis [23, 24] . So our results suggest a proportion of HBeAg-positive patients with PNALT have significant fibrosis, and the notion they are deemed as 'healthy' maybe incorrect in Chinese and Asian patients. It has been proven that treatment in patients with advanced liver fibrosis can lower the risks of HCC and cirrhotic complications [25] , so the next question is what kinds of HBeAg-positive patients with PNALT should have closer examination. We stratified them by age of 30 according to EASL's opinion. Results present patients over 30 years old had a higher frequency of significant fibrosis than those under 30 (87.5% vs. 45.5%, P = 0.058), which narrowly failed to reach statistical significance possibly due to the small sample size in the older subgroup (n = 8). Considering no any biochemical parameters associated with significant fibrosis, therefore age over 30 years might be a risk factor in HBeAg-positive patients with PNALT. One study from Hong Kong approved us by indicating that the risk of liver fibrosis increases after age 35 in HBeAg-positive patients [26] . Nevertheless it concentrated on patients with advanced fibrosis (F3 -F4) by TE measurement instead of histological proof. Recently Zoulim illustrates one step beyond the major guidelines would be to start therapy in all patients with normal ALT who show relatively low levels of viremia, including patients in their 20s, not just those beyond 40s [27] . The author believes many unnecessary deaths may Table 3 . Association between histological significant abnormalites and different parameters by multivariate logistic regression. occur that might be prevented by earlier antiviral intervention, additionally considering its long duration, initiation and promotion may both be significant during the immune tolerant phase, increasing the risk of HCC later in life even in the absence of cirrhosis [27] . So liver biopsy or at least TE should be strongly indicated on immune tolerant patients who have favorable age, and a large prospective cohort study should be conducted to address the efficacy and cost-effectiveness of antiviral therapy for these patients with significant fibrosis in the prevention of liver cirrhosis and HCC. We then investigated the characteristics of histological changes in HBeAg-negative patients with PNALT. There was a systemic review on these special patients to determine the prevalence of significant liver disease and its associating factors [28] . According to this review, histological significant liver disease was rare in these patients, who required neither liver biopsy nor immediate therapy but continued follow-up. There was less than 5% of significant fibrosis found in them in three European studies together [15, 29, 30] . However, studies from Japan and India indicated significant fibrosis accounted for 35% and 14% in these patients respectively [23, 31] . There was 30.9% in our cohort, which is similar to the patients from other Asian countries. It is unethical and impossible to perform liver biopsy in every HBeAg-negative patient with PNALT even significant fibrosis is not rare, but there are no favorable age and associated clinical parameters. Previous study demonstrated early liver cirrhosis was not uncommon among HBeAg-negative patients with normal ALT, probably ranging from 7.1% (probable cirrhosis) to 22.8% (possible cirrhosis) by TE with high degree of certainty [32] . As well as Chen's consideration HBeAg-negative patients with PNALT are still at risk for HCC and liver-related death [33] , therefore TE has an advantage and should be considered to evaluate the severity of liver fibrosis periodically. But the beneficial of antiviral therapy for these patients with significant fibrosis should also be further studied in the prevention of end-stage liver disease. In summary, our data indicate significant fibrosis is not rare in Chinese CHB patients with PNALT, and much higher than those in European studies. This difference could be explained as patients in China acquire the infection perinatally, with liver injury starting early in life.
An Italian population study suggested lowering the ULN of ALT to 30 U/L for men and 19 U/L for women [34] , while a Korean study suggested reducing the ULN of ALT to 33 U/L for men and 25 U/L for women [35] . Both studies challenged the traditional threshold ALT ULN of 40 U/L. Reasons supported changing the new ALT ULN as patients below a normal ALT of 40 U/L, but above the new criterion had more significant histological abnormalities than those under the new level criterion [11, 36, 37] . On contrary some studies did not agree [23, 30, 38] . Our research demonstrates no differences were found in histological abnormalities between low normal and high normal ALT subgroups in patients with PNALT. So there may be no need to decrease the ULN of ALT in Chinese patients.
There are different opinions on the relationship between level of ALT and liver histological abnormalities [11, 12, 14, 23, 24, 39] . Our study shows after multivariate logistic regression analyze, Fibrosis in Chinese Chronic Hepatitis B PLOS ONE | www.plosone.orginstead of ALT, higher AST could predict histological significant abnormalities in HBeAg-positive patients with elevated ALT, and predict significant inflammation in HBeAg-negative patients with elevated ALT. Hence AST is much more specific than ALT in evaluating the histological severity of patients as reported elsewhere [11, 23, 39] . Furthermore, major guidelines suggested CHB patients with minimally raised ALT should consider liver biopsies or non-invasive fibrosis assessment. As significant fibrosis is very common in patients with ALT 1-2×ULN (69.8% in the HBeAg-positive group and 73.3% in the HBeAg-negative group) in our cohort, so patients with minimally raised ALT may start antiviral therapy directly if liver biopsy or TE is not available.
The relationship between the level of HBV DNA and liver histological change remains controversial. Though most observations indicated HBV DNA is positively correlated with severe histological changes [11, 13, 15, 24] , few researches showed they are not in correlation [14, 37] . Our results demonstrate HBV DNA was negatively associated with significant necroinflammation and fibrosis in HBeAg-positive patients with elevated ALT. But HBV DNA was not associated with significant histological abnormalities in HBeAg-negative patients with elevated ALT, and Park et al reported a similar result [12] . One possible explanation for this maybe they have prolonged liver necroinflammation and progression of liver fibrosis, which persisted even after immune control took over at the time of assessment [32] .
There are several limitations during the interpretation of our findings. First, this is a retrospective cross-sectional study mainly consisted of HBeAg-positive patients and could not exclude the possibility of referral bias. Because patients in immune clearance phase, especially those with HBeAgnegative, tend to have fluctuating ALT levels and receive liver functional protection therapy to alleviate biochemical activity in China. However, previous studies on CHB patients with liver histology from China did not take these considerations, which may result in recruiting patients with more active and severe fibrosis of liver disease. Hence, we excluded many screened subjects mostly consisted of HBeAg-negative patients due to this reason so as to reduce the possible bias (Figure 1 ). But our study is able to recruit a large population of almost 700 patients, who could be generalized to other CHB patients. Second, HBV genotype and quantification of HBsAg were not measured in most of our studied subjects for they may not be available in routine clinical practice until recent years. Finally, the number of patients with PNALT is relatively small and without follow-up after liver biopsy. However, there had rare researches on both HBeAg-positive and HBeAg-negative patients with PNALT strictly defined simultaneously before, and the number of HBeAg-positive patients with PNALT in our study (n = 85) is large. Additionally, there were no any risk factors of significant fibrosis or suspected liver cirrhosis in the included biopsied patients with PNALT. So the results are still convincible. Despite these limitations, our data provide some information on liver histological characteristics in Chinese CHB patients.
In conclusion, significant fibrosis is not rare in Chinese patients with PNALT. Liver fibrosis assessment should be strongly considered in these patients, especially HBeAgpositive patients over 30 years old. CHB patients with minimally raised ALT may be recommended to start antiviral therapy if liver biopsy or non-invasive fibrosis assessment is not available.
